The current-voltage characteristics of the gate-controlled three-terminal organic-based devices with memory effect and negative differential resistances ͑NDR͒ were studied. Gold and 9,10-di͑2-naphthyl͒anthracene ͑ADN͒ were used as the metal electrode and active channel layer of the devices, respectively. By using various gate-source voltages, the memory and NDR characteristics of the devices can be modulated. The memory and NDR characteristics of the devices were attributed to the formation of trapping sites in the interface between Au electrode and ADN active layer caused by the defects, when Au metal deposited on the ADN active layer. 5 and nanoparticle embedded devices 6,7 were reported previously. Although the mechanisms of memory and NDR behaviors in these organic-based devices are an ongoing discussion, it is anticipated that the organic molecules would possess advantages. In this work, three-terminal organic-based devices using 9,10-di͑2-naphthyl͒anthracene ͑ADN͒ were fabricated and studied owing to its wide band gap, well energy transfer property, and high carrier mobility. 8, 9 In this study, three-terminal organicbased devices using the gate-controlled Au/ADN/Au plane structure were proposed and measured to study memory and NDR characteristics. Figure 1 shows the schematic configuration of the threeterminal organic-based devices. The n + -Si wafer with a 150-nm-thick SiO 2 insulator film was used to fabricate devices. A 200-nm-thick Al bottom gate electrode was deposited on the back side of the n + -Si wafer using an electron-beam evaporation system, and then annealed in N 2 ambient at 550°C for 5 min to perform Ohmic contact. Using a vacuum thermal deposition system, a 50-nm-thick ADN active layer was deposited on the n + -Si wafer at a background vacuum of 2 ϫ 10 −6 torr. After depositing the ADN active layer, a 50-nmthick Au film was evaporated in the same chamber. The Au film was patterned as two rectangle regions ͑0.85 ϫ 2.5 mm 2 ͒ separated by 50 m using steel metal mask to work as source and drain electrodes. The Au was used as source and drain metal due to its high work function of 5.2 eV. Compared with the highest occupied molecular orbital level of ADN ͑5.8 eV͒, hole carriers could effectively injected from Au source into the ADN active layer. Hole was the majority carrier in the ADN active layer. To investigate the influence of the Au deposition rate, fast and slow deposition rates of 3 and 0.5 Å/s were deposited on the ADN active layer by changing the voltage of the supply power, respectively. The purpose of using different Au deposition rate is to make different kinetic energy, when Au atoms deposit the ADN active layer. For simple identification, the devices with the Au electrode deposition rates of 3 and 0.5 Å/s were named as transistor A and transistor B, respectively.
The current-voltage characteristics of the gate-controlled three-terminal organic-based devices with memory effect and negative differential resistances ͑NDR͒ were studied. Gold and 9,10-di͑2-naphthyl͒anthracene ͑ADN͒ were used as the metal electrode and active channel layer of the devices, respectively. By using various gate-source voltages, the memory and NDR characteristics of the devices can be modulated. The memory and NDR characteristics of the devices were attributed to the formation of trapping sites in the interface between Au electrode and ADN active layer caused by the defects, when Au metal deposited on the ADN active layer. © 2009 American Institute of Physics. ͓doi:10.1063/1.3224201͔
Recently, organic and polymer-based memory and negative differential resistance ͑NDR͒ devices have been aroused considerable attention due to simple fabrication procedure, flexible property, and low processing cost. Various twoterminal devices, such as Si/organic layer/metal devices, 1 polymer-based devices, 2,3 organic-based devices, 4 single molecule NDR devices, 5 and nanoparticle embedded devices 6, 7 were reported previously. Although the mechanisms of memory and NDR behaviors in these organic-based devices are an ongoing discussion, it is anticipated that the organic molecules would possess advantages. In this work, three-terminal organic-based devices using 9,10-di͑2-naphthyl͒anthracene ͑ADN͒ were fabricated and studied owing to its wide band gap, well energy transfer property, and high carrier mobility. 8, 9 In this study, three-terminal organicbased devices using the gate-controlled Au/ADN/Au plane structure were proposed and measured to study memory and NDR characteristics. Figure 1 shows the schematic configuration of the threeterminal organic-based devices. The n + -Si wafer with a 150-nm-thick SiO 2 insulator film was used to fabricate devices. A 200-nm-thick Al bottom gate electrode was deposited on the back side of the n + -Si wafer using an electron-beam evaporation system, and then annealed in N 2 ambient at 550°C for 5 min to perform Ohmic contact. Using a vacuum thermal deposition system, a 50-nm-thick ADN active layer was deposited on the n + -Si wafer at a background vacuum of 2 ϫ 10 −6 torr. After depositing the ADN active layer, a 50-nmthick Au film was evaporated in the same chamber. The Au film was patterned as two rectangle regions ͑0.85 ϫ 2.5 mm 2 ͒ separated by 50 m using steel metal mask to work as source and drain electrodes. The Au was used as source and drain metal due to its high work function of 5.2 eV. Compared with the highest occupied molecular orbital level of ADN ͑5.8 eV͒, hole carriers could effectively injected from Au source into the ADN active layer. Hole was the majority carrier in the ADN active layer. To investigate the influence of the Au deposition rate, fast and slow deposition rates of 3 and 0.5 Å/s were deposited on the ADN active layer by changing the voltage of the supply power, respectively. The purpose of using different Au deposition rate is to make different kinetic energy, when Au atoms deposit the ADN active layer. For simple identification, the devices with the Au electrode deposition rates of 3 and 0.5 Å/s were named as transistor A and transistor B, respectively.
The current-voltage ͑I-V͒ characteristics of the resulted three-terminal organic-based devices were measured using an HP 4156C semiconductor parameter analyzer. To study the memory and NDR results, the sweep condition of sourcedrain voltage ͑V DS ͒ was chosen as ͑I͒ from 0 to Ϫ10 V and then swept back to 0 V ͑named as sweep condition I͒, and ͑II͒ from Ϫ10 to 0 V ͑named as sweep condition II͒.
The I-V characteristics of the transistor A under sweep conditions I and II are shown in Figs. 2͑a͒ and 2͑b͒, respectively. As shown in Fig. 2͑a͒ , the OFF state of low conductivity was obtained, when V DS swept from 0 to Ϫ10 V, and then the ON state of high conductivity with NDR characteristics was observed, when V DS swept from Ϫ10 to 0 V. The memory and bistable behaviors were obtained under sweep condition I. To investigate the NDR characteristics of the transistor A, the sweep condition II was operated with various V GS voltages and shown in Fig. 2͑b͒ . The NDR characteristics were found from the I-V curves experimentally, when the V DS swept from Ϫ10 to 0 V with various V GS voltages. There were three different operational regions can a͒ Author to whom correspondence should be addressed. be identified. In a higher V DS region, the source-drain current ͑I DS ͒ slightly decreased with the decrease of negative V DS ͑i.e., V DS Ͻ 0͒. In a medium V DS region, a NDR behavior was obtained, where the I DS increased with the decrease of negative V DS and then reached a maximum value. After reaching the maximum I DS value, the I DS of transistor A decreased monotonically with the decrease of negative V DS until zero bias. These experimental results shown in Fig. 2͑b͒ indicated that the small current injected from the Au electrode would be caused by the barrier between Au electrode and ADN active layer, when V DS began to sweep from Ϫ10 V. It was also shown in Fig. 2͑b͒ that the I-V performances of the NDR behavior can be modulated by changing the bias V GS voltage of the Al gate. Apparently, the three-terminalcontrolled NDR phenomena were obtained under both positive and negative V GS biases.
To study the peak-to-valley current ratio ͑PVCR͒ of the transistor A, the associated peak voltage ͑V peak ͒ at a peak current ͑I peak ͒ and valley voltage ͑V valley ͒ at a valley current ͑I valley ͒ were listed in Table I . Apparently, V peak and V valley increased with the more negative V GS voltage. The V peak and V valley values increased from Ϫ1.24 and Ϫ7.41 V at V GS = +10 V to Ϫ2.22 and Ϫ8.62 V at V GS = −10 V, respectively. Furthermore, the associated I peak and the I valley values increase monotonically with the increase in negative V GS voltage. However, the I peak and I valley values decreased with the increase in positive V GS . The I peak and I valley values increased from Ϫ1.05 and −0.06 A at V GS = +10 V to Ϫ13.55 and −0.17 A at V GS = −10 V, respectively. The associated values of PVCR were also listed in Table I . The PVCR value increased with the negative V GS voltage ͑i.e., V GS Ͻ 0͒ and decreased with the V GS voltage. The largest and smallest PVCR values of the three-terminal organic-based devices were 79.71 and 17.5, respectively. The adjustable PVCR value of the gate-controlled three-terminal NDR devices was attributed to the change in the carrier concentration in the ADN active channel. When a negative V GS voltage was applied on the gate terminal, enhancement mode with induced holes in ADN active layer was operated. Therefore, a higher hole concentration in the ADN active layer induced by a larger negative V GS voltage caused the decrease of storage site density. On the other hand, the hole concentration in the ADN active layer of the transistor A worked as a depletion mode, when a positive V GS voltage was applied.
The I-V characteristics of the transistor B fabricated with slow Au deposition rate of 0.5 Å/s under sweep conditions I and II were shown in Figs. 3͑a͒ and 3͑b͒ , respectively. Although, the experimental results revealed that I DS was modulated by V GS voltage, but neither memory nor NDR characteristics under sweep conditions I and II were observed. To examine the structure and fabrication process of transistor A and transistor B, the only difference was the Au deposition rate. The memory and NDR behaviors were found in transistor A with a higher Au deposition rate, but they were not observed in transistor B with a slower Au deposition rate. The higher Au deposition rate was resulted by using a higher temperature of the crucible. Therefore, the kinetic energy of the Au atoms deposited with a higher deposition rate would be increased. The Au atoms with a higher kinetic energy would induce defects in the ADN active layer, when Au contacted and deposited on the ADN active layer. The memory and NDR behaviors of the transistor A were resulted from the trapping sites caused by the induced defects.
The memory and NDR characteristics of the threeterminal organic-based devices were investigated in this work. These phenomena were attributed to the formation of trapping sites in the interface of electrode and active layer. The formation of trapping sites was caused by defects. The defects would be induced by the high kinetic energized Au atoms, when they deposited on the ADN active layer. By using V GS voltage in the NDR structure, the PVCR values of the three-terminal devices could be modulated between 79.71 and 17.5. Therefore, the three-terminal NDR devices can be expected to perform improved performances in the applications of systems. This work was supported by the National Science Council of Taiwan, Republic of China.
